Proliferative kidney disease (PKD) is an economically significant disease caused by the myxozoan parasite Tetracapsula bryosalmonae. Polymerase chain reaction (PCR) protocols using primers specific for the small subunit ribosomal RNA (18S rDNA) gene of the parasite enable detection, however, false positive and negative results can render detection inconclusive. In this study a decontamination protocol was developed, using hydroxylamine hydrochloride (H), to prevent false positives by blocking re-amplification of carry-over contaminants. A mimic molecule was also developed and used as a competitive internal standard coamplified with target DNA in PCRs, revealing both true and false negatives. The sensitivity of one new and two existing primer sets was assessed with all primers detecting DNA equivalent to at least eight parasite cells per gram of tissue. This improved PCR protocol can provide more reliable testing for T. bryosalmonae.
Introduction
Proliferative kidney disease (PKD) is commercially significant in farming of salmonid fish in North America and western Europe (Hedrick, MacConnell & de Kinkelin 1993) . The causative agent is a myxozoan parasite formerly known as PKX and now named Tetracapsula bryosalmonae (Canning, Curry, Feist, Longshaw & Okamura 1999) . Morris & Adams (2002) recently described the variety of methods that have been utilized to detect T. bryosalmonae. These included non-specific techniques such as staining imprints and formalin fixed tissue sections, phase contrast microscopy of kidney smears and immunohistochemistry (IHC) using lectins. More specific methods utilizing monoclonal antibodies were also described and MAb C5 was highlighted as a particularly useful diagnostic tool. However, the detection of T. bryosalmonae in fish during all the phases of its life cycle, and in environmental samples, is only possible using molecular methods [e.g. polymerase chain reaction (PCR) and in situ hybridization].
The PCR testing for the parasite was developed by Saulnier & de Kinkelin (1997) who created primers specific for the 18S rDNA sequence. Further 18S rDNA-specific primers were developed by Kent, Khattra, Hervio & Devlin (1998) . Morris, Adams, Feist, McGeorge & Richards (2000) tested all the previously developed primers on kidneys from wild fish and PKD infected rainbow trout, Oncorhynchus mykiss (Walbaum). The majority of primers amplified DNA of other myxozoan parasites, provided non-specific bands and inconsistent amplification efficiency. Primers 3F/4R and 5F/6R (Kent et al. 1998 ) specifically amplified T. brysalmonae DNA only, and detected sporogonic stages and preclinical levels of extrasporogonic stages.
Despite having specific primers, false positive and false negative results can be a significant problem for the interpretation of PCR data in general. Although a variety of methods have been developed to overcome this, particularly in the clinical field (Rys & Persing 1993; Victor, Jordaan, du Toit & Van Helden 1993; Kox, Rhienthong, Miranda, Udomsantisuk, Ellis, Van Leeuwen, Van Heusden, Kuijper & Kolk 1994) , such methods are not common practice in the detection of fish pathogens. Puttinaowarat, Thompson, Kolk & Adams (2002) recently described the use of the enzyme uracil DNA glycosylase in PCR to prevent any contaminating amplicons from previous experiments (Kox et al. 1994) in the detection of aquatic Mycobacterium spp.
This study describes the development of improved protocols for the detection of T. brysalmonae in fish tissue samples so that both false positive and false negative reactions can be avoided. The sensitivity of existing and new primers and performance of an amplification enhancer were also assessed.
Materials and methods

Basic PCR protocol
25 lL PCR reactions were used containing Readyto-Go TM PCR beads [Amersham Pharmacia Biotech (UK) Ltd, Chalfont, Bucks, UK] providing: 1.50 units of Taq DNA polymerase; 10 mm TrisHCl (pH 9.0); 50 mm M KCl, 1.5 mm MgCl 2 and 200 lm of each dNTP. Reactions also included 2.5 lL of parasite DNA, or nanopure water, and 20.5 lL of nanopure water. 10 pmol (1 lL) each of primers 3F/4R (expected product 298 bp, positions 38-335 of the 18S rDNA sequence) and 5F/ 6R (expected product 435 bp, positions 463-897 of the 18SrDNA sequence) (Kent et al. 1998) . Cycling was 95°C for 5 min; 35 cycles of 95°C/ 1 min, 50°C/1 min, 72°C/2 min; 72°C/7 min using a GeneAmp TM 9700 thermocycler (Perkin Elmer Corp., MA, USA). For primers 5F/6R and 514F/776R the annealing temperature was 55°C. Products and controls were resolved by electrophoresis in 1.5% agarose gels containing 6 lL 10mg mL )1 ethidium bromide, washed and visualized using UV light.
Development of new primers
New 24-mer primers were designed using Genamics Expression TM software (Genamics Corporation, Hamilton, New Zealand) and synthesized (MWG Biotech Ltd, Milton Keynes, UK). These primers 514F (5¢-AGTAACAAGCAGAGGGCAA GTCTG-3¢) and 776R (5¢-GCTGATACACCCAA TTAAGGGCAG-3¢) were specific for positions 514-776 (262 bp) of the 18S rDNA sequence, annealing at 55°C for 1 min.
Hydroxylamine hydrochloride sterilization to prevent false positives Quantified purified PCR products detailed in Table 1 were used to simulate carryover contamination in PCR reactions containing no other DNA. To investigate amplicon inactivation all PCR products were treated with 0, 100, 250, 375 or 500 mm final concentrations using sterile syringes to transfer 5 m hydroxylamine hydrochloride (H) into 0.2 mL tubes by piercing the caps. Tubes were incubated for 30 min at room temperature (21°C). To simulate carry-over, products that had been treated with H were then added to PCR reactions at 1 lL per reaction with respective primer sets and nanopure water content increased by 1.5 lL. Two reactions were also run with 2.5 lL of DNA extracted from PKD infected kidney tissue that had been treated with 250 mm H.
Development of a mimic internal control to reveal true and false negatives
Using the method of Ballagi-Pordány & Belák (1996) , primers were designed using Genamics Expression TM software and synthesized (MWG Biotech Ltd, Milton Keynes, UK) to create a mimic DNA molecule by PCR. 25-mer primers for positions 7131-7631 (500 bp) of the lambda DNA cloning vector EMBL3 (GenBank TM accession number U02425) (Frischauf, Lehrach, Poustka & Murray 1983 ) flanked by T. bryosalmonae 24-mer oligonucleotides 514F and 776R as 5¢ end Positive mimic bands were excised from gels and purified using a GFX TM PCR DNA and Gel Band kit [Amersham Pharmacia (UK) Ltd], following the manufacturer's protocol. The remaining molecules were quantified using a Cecil 2041 GLP spectrophotometer (Cecil Instruments Ltd, Cambridge, UK) at 260 and 280 nm (concentration 0.095 lg lL )1 ). The largest dilution from a ·10 series in nanopure water that produced a positive band was used as the internal control for future reactions (1 · 10 9 lL )1 ). The 10 9 dilution was run in reactions with an identical serial dilution of purified 262 bp PCR amplicons produced by primers 514F/ 776R. 2.50 lL of the 10°and 10 6 )10 12 target dilutions was run with 10 pmol (1 lL) each of primers 514F/776R, 15.5 lL of nanopure water, Ready-to-Go TM PCR beads and 2 lL of the equivalent mimic dilutions. This provided slightly higher numbers of mimics than the target to prevent mimics being out-competed. Cycling was as described previously. This reaction determined that the mimic balanced in competition with the target, although the mimic bands were weaker.
TMA enhancement of mimic amplification
As mimic bands were weak when initially amplified with target amplicons, the PCR was repeated using a final concentration of 2 mm TMA oxalate to enhance mimic bands. Negative controls were included. TMA oxalate was 2.8 m stock solution of tetramethylammonium hydroxide (Fluka Chemie AG, Buchs, Switzerland) neutralized with 1 m oxalic acid solution (Sigma, Poole, Dorset, UK) and diluted to 25 mm with nanopure water.
Determination of mimic effective range
To determine the effective range in terms of target copies for which mimic bands were produced, mimic copies were titrated against known numbers of copies of 262 bp target amplicons. Combinations were as described in Table 1 Sensitivity assessment of primers 514F/776R, 3F/4R and 5F/6R
A 1 g section of a PKD infected rainbow trout kidney was disrupted by forcing through a 50-lm steel mesh with a sterile disposable syringe plunger and re-suspension in 20 mL of sterile phosphatebuffered saline (PBS). The suspension was centrifuged onto slides using a Shandon Cytospin 3 centrifuge (Shandon Scientific Ltd., Runcorn, UK). Examination of slides under a microscope revealed a T. bryosalmonae cell content of 8786 in the gram of kidney tissue. Further sections weighing 1 g were excised from the same kidney. DNA was extracted from all sections using a NucleonÒ Soft Tissue DNA Extraction Kit (Tepnel Life Sciences PLC, Manchester, UK) following the manufacturer's protocol and dissolved in 100 lL of nanopure water (equivalent to the DNA of 87.86 parasite cells lL )1 ). The DNA from one section was undiluted whilst DNA from six further sections was diluted at 1 · 10 1 ) 1 · 10 6 , respectively. Reactions were run containing 1 lL of the template DNA, 10 pmol (1 lL) each of respective primers and 22.0 lL of nanopure water and PCR beads. Products were resolved in a 1.5% agarose gel and sensitivity calculated from the dilution at the band cut-off point. 
Results
Sensitivity and specificity of primers 514F/776R, 3F/4R and 5F/6R
When using all three primer sets, strong positive bands resulted for the 10 0 and 10 1 )10 3 dilutions of DNA extracted from 1 g sections of T. bryosalmonae infected kidney tissue. The result for primers 514F/776R is shown in Fig. 1 . The highest dilution providing a clear positive band was 10 4 corresponding to DNA equivalent to that of 0.008786 parasite cells per reaction tube. All primers therefore detected DNA equivalent to 8.786 parasite cells g
)1 of tissue.
Hydroxylamine hydrochloride sterilization
Hydroxylamine hydrochloride (H) treatment of four different amplicons followed by attempted re-amplification revealed the sterilizing effect of the compound on PCR products. A weak band resulted for the 435 bp amplicon after 100 mm H treatment (data not shown) while the remaining three amplicons were not re-amplified at this final concentration of H. Treatment with 100, 250, 375 and 500 mm H resulted in complete sterilization of all four amplicons, as shown in Fig. 2 for the 298 bp amplicon.
Mimic internal control in PCR reactions to reveal false and true negatives
The balance point at which bands were produced for serial dilutions of both mimic and target molecules was 10 9 dilution (Fig. 3) . Mimic bands were weak compared with the target and therefore an amplification enhancer, TMA oxalate, was added (Fig. 4) . Titration of known numbers of copies of mimics against known numbers of copies of target molecules outlined mimic performance (Fig. 5) . The mimic signalled true and false negatives. The effective range was between 5 and 700 copies of the target molecule. At three target copies, the target band was faint and classified as negative. The mimic was out-competed and produced no bands with 750 and above target copies. Reactions including mimics detected five copies of the target molecule, DNA equivalent to less than the content of one parasite cell. Detection of Tetracapsula bryosalmonae DNA in PKD infected kidney tissue by PCR using hydroxylamine post-PCR and internal mimics in the reaction Tetracapsula bryosalmonae DNA was successfully detected in PKD infected kidney tissue using the improved PCR protocol. As shown in Fig. 6 , the balance between the internal mimic and the target DNA dictates whether both bands (i.e. the mimic and the target) or only one is observed in the reaction. et al. (2000) tested all existing T. bryosalmonae 18S rDNA primers determining that only primers 3F/4R and 5F/6R were specific. Kent et al. (1998) determined 5F/6R primer sensitivity at DNA equivalent to 8.29 parasite cells g )1 of tissue and 0.00829 parasite cells per reaction. In this study, primers 5F/6R detected comparable levels of DNA equivalent to 8.786 parasite cells g
Discussion
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)1 of tissue and 0.008786 parasite cells per reaction. New (514F/776R) and existing (3F/4R) primers detected T. bryosalmonae at the same level of sensitivity.
No cross reactivity was detected with spleen and kidney tissue from wild cyprinid and other nonsalmonid fish species or bryozoan tissue (data not shown). The new primers developed here detected parasite DNA in wild and farmed salmonid fish kidney tissue containing low numbers of intraluminal stages, and in bryozoan tissue (unpublished data). Tests with known myxozoans are required to complete primer assessment.
To reduce the risk of false positive results in the PCR, a sterilization protocol to prevent amplification of contaminants was tested. The mutagenic conversion of cytosine in DNA to thymidine by hydroxylamine increases linearly with temperature Figure 5 Titration of known numbers of mimic copies (548 bp) against known numbers of copies of T. bryosalmonae target amplicon molecules (262 bp) in PCR reactions. Lanes: 1 molecular weight markers; 2 negative control; 3 and 8 mimic (632 copies); 4 target (609 copies); *6 mimic (632 copies) plus target (609 copies); 10 mimic (632 copies) plus target (10 copies); 11 mimic (632 copies) plus target (five copies); 12 mimic (500 copies) plus target (609 copies); 13 mimic (632 copies) plus target (three copies); 14 mimic (632 copies) plus target (750 copies); 15 mimic (632 copies) plus target (300 copies); 16 mimic (632 copies) plus target (609 copies); 17 mimic (632 copies) plus target (700 copies); 18 mimic (632 copies) plus target (800 copies).*Lane 6 sterilization with 250 mm hydroxylamine hydrochloride (H). Figure 6 Detection of T. bryosalmonae DNA in PKD infected kidney tissue by PCR using hydroxylamine and an internal mimic in the protocol. Lanes: 1 molecular weight marker; 2 negative control; 3 mimic positive control (632 copies); 4 DNA treated with 250 mm H prior to PCR reaction (inhibition); 5-7 PCR using internal mimic and hydroxylamine post-PCR; 5 10 and concentration and prevents cytosine from pairing with guanine and therefore prevents amplification (Brown & Schell 1961; Freese & Strack 1962; Humphreys, Willshaw, Smith & Anderson 1976; Aslanzadeh 1993) .
In this study, 250, 375 and 500 mm H treatments fully sterilized 262, 298, 435 and 548 bp amplicons. Treatment with 250 mm H also prevented amplification of DNA extracted from PKD infected kidney tissue.
Sensitivity of reactions, including the detection of the 548 bp mimic for highlighting false negatives, was estimated at five target copies, two times less than reactions without mimics. The mimic was over double the size of the target and could not compete for raw materials at high numbers of target copies, an effect also demonstrated by Kox et al. (1994) .
The mimics used here detected both false and genuine negatives within the range of activity. The mimics produced weak bands as noted by previous authors (Sidhu, Rashidbaigi, Testa & Liao 1995; Brightwell, Pearce & Leslie 1998; Pham, Madico, Quinn & Enzler 1998; Ursi, Ieven, Van Bever & Goossens 1998) . High 56.2% GC content and long stretches of G and C bases in the mimic molecule used here are the likely cause of the weak bands as such structure is the most prevalent cause of inefficient amplication (Siebert & Kellogg 1995) . Newton & Graham (1997) , DiLella & Woo (1987) and Kovárova & Dráber (2000) showed that amplification can be improved by enhancers including TMA. This method was also used successfully here to enhance the brightness of mimic bands.
It was shown, however, that the mimic band could be absent following PCR using DNA for PKD infected kidney tissue samples. Dilution of the DNA indicated that the mimic had been outcompeted in the original reaction as also demonstrated by Ursi et al. (1998) and Pham et al. (1998) . This illustrates the importance of the careful interpretation of results and any follow up action required to dilute samples or repeat PCR to confirm the results (Table 2) . 
